by post-operative complications, but has also been implicated in the long-term prognosis of patients with malignant tumors [9] [10] [11] [12] [13] .
The prognostic nutritional index (PNI) was calculated using the following formula: 10 × serum albumin (Alb) + 0.005 × total lymphocyte count (TLC) in peripheral blood. It has been shown to be associated with poor outcomes in various types of malignancies [14] [15] [16] [17] [18] .
Controlling nutritional status score (CONUT) is one of the suitable nutritional assessment indexes [19] [20] [21] [22] [23] [24] [25] for screening malnourished patients. It is a convenient method for evaluating the three elements [proteins (Alb), immunity (TLC), and lipids (T-chol)] and is useful for the pre-operative nutritional assessment of surgical patients (Table 1) . In this study, we evaluated the impact of pre-operative nutritional assessments from their correlations with post-operative complications in PD scheduled patients. Next, we investigated the long-term prognosis in patients with malignant tumors of the biliary tract and pancreas.
Introduction
Pancreaticoduodenectomy (PD) is a highly invasive surgery. Evaluation of low nutritional status of pre-operative patients and appropriate nutrition therapy contribute to the improvement of compromised immune function and the reduction of post-operative complications. Although post-operative mortality rates after PD have decreased, morbidity rates remain high, at 30%-88% [1] [2] [3] [4] [5] [6] [7] [8] . The preoperative nutritional and immunological status are not only limited 
Total lymphocyte count ≥ 1,600 1,200-1,599 800-1,199 < 800
Total cholesterol ≥ 180 140-179 100-139 < 100 of the TNM classification system of malignant tumors as published by UICC.
Complications that occurred within 60 days of surgery were recorded and graded according to the Clavier-Dindo classification [26] .
Surgical site infection (SSI)
As defined by the CDC guidelines, SSI was identified when purulent discharges were observed within 30 days from any incision or intraoperatively manipulated space, with or without microbiological evidence of infection [24] .
Remote infection (RI)
Presence of pneumonia, cholangitis, urinary tract infection (UTI), enterocolitis, and catheter-related bloodstream infection (CRBSI) within 4 four days or more after surgery.
Pancreatic fistula and delayed gastric emptying
Pancreatic fistula and delayed gastric emptying was defined according to the International Study Group of Pancreatic Surgery (ISGPF) criteria [27] [28] [29] [30] . Statistical analyses were performed with using JMP software for Windows (SAS Institute Inc., Cary, NC, USA). To evaluate the relationship between each independent factor and presence of SSI and RI, univariate analysis was conducted using the χ 2 test. Prognostic factors were examined by both univariate and multivariate analyses. Evaluations were performed using the KaplanMeier method, and differences between survival curves were analyzed using the log-rank test. A p-value of < 0.05 was considered statistically significant.
Results
The analysis sample consisted of 116 consecutive cases that underwent PD. The average age was 69.7 years (range, 48-87 for determining the risk for post-operative complications. Factors such as gender, age, cause of disease, operative time, blood loss, and the presence of diabetes were also included. In malignant cases, the final stages of cancer were identified according to the seventh edition and infectious complications. No significant differences in the operative characteristics were observed between patients with SSI and RI. Kaplan-Meier analysis revealed significantly less favorable overall survival rate rates in patients in low CONUT group than in the other groups (Log-rank test, p = 0.013). BMI was also associated with survival in univariate analysis (p = 0.018). There was no association between PNI and the prognosis (Table 5 ). Patients in the high CONUT sore and BMI < 18.5 group, had poorer prognosis compared with Low-CONUT score group (Figure 1 ).
Discussion
Evaluation of nutritional status may provide additional prognostic information for patients who are undergoing highly invasive surgery such as PD/PpPD. Post-operative infection is the most frequent complication following surgery. Post-operative surgical and medical complications are negative predictors for long-term malignancy outcomes. In this study, postoperative infection was one of the prognostic factors in univariate analysis.
Albumin level is a better predictor of some types of morbidity, particularly sepsis and major infections [31, 32] . However, because the albumin level is strongly affected by the body fluid volume and medical condition, it has poor reliability for nutritional status screening. The shorter half-life of albumin is a sensitive reflection of the nutritional status in real time. Nevertheless, the evaluation of the retinol binding protein (RBP), transferrin (Tf), and pre-albumin (PA). levels is often costly. As shown by Onodera et al. PNI is useful for the prediction and prognosis of post-operative complications. In table 2, PNI low value cases were significantly higher in the complication group. The average age of the complication group is also significantly high. For this reason, the elderly are considered to be due to included many complications group.
Compared with biochemical indicators, it has the advantage years). In the classification of, the patients diagnosis, there were 60, 37, and 19 cases of pancreatic, bile duct, and Ampulla of Vater cancers, respectively. Table 2 shows the number of patients with complications. Of these, 89 (76.7%) patients had a complication, and mortality rate within 30 days of surgery was 0%. The most frequent complications were pancreatic fistulas (31.0%) and delayed gastric emptying (25.0%). Thirty-five and 27 patients developed SSI (32.8%) and RI (19.8%), respectively ( Table 2) . Among the 116 patients, 89 patients comprised the complication group (CP) and 27 patients were included in the no complication group (NCP). Pre-and postoperative clinical data including age, sex, BMI, PNI, CONUT score, length of operation, blood loss, and diabetes are reported in table 3. The pre-operative values of the PNI ranged from 25.3 to 55.1 with a mean value of 43.8. Twenty-seven (23.3%), 62 (53.4%), 24 (20.7%), and 3 (2.6%) patients had normal (0-1), mild (2-4), moderate (5) (6) (7) (8) , and high (9-12), CONUT scores, respectively. In this study, 76.7% of patients were at risk of malnutrition. Table 4 shows the relationship between the clinical characteristics of determining the patient's malnutrition risk. On the other hand, because PNI decreases concomitantly with age, it may not be an accurate measure of malnutrition in the elderly. When it comes to the elderly, due to a decrease in blood albumin value also decreased PNI. It is also one of the factors that elderly patients are included in the significant complications group. In originally reported risk assessment criteria, older patients were evaluated as those at a risk or contraindicated for surgery. CONUT score is calculated in a general three blood sampling results, which are performed in most patients at the time of hospitalization. In this score, it is possible to extract a mild malnourished patients before severe the albumin value decreases. It is capable of selecting the high-risk patients who will require strict clinical management in the immediate post-operative period. BMI, by combining the most easily obtained parameters, it is useful as a prognostic factor as figure 1.
Although various tools for pre-operative nutritional assessment have been studied, only few have shown an association with long-term prognosis in patients after PD. The CONUT scoring method could be a useful and objective screening tool for nutritional condition, and it has also been used for cancer cases. By using a combination of parameters, such as the CONUT score and the subjective comprehensive evaluation (SGA), to understand the nutritional status, it is possible to achieve a more precise nutritional management plan.
Conclusions
There is a high incidence of infection after post-operative PD. It is difficult to use nutritional therapy in the presence of compromised immune function such as organ failure and sepsis. Before complications arise, it is important to detect malnutrition early in order to improve and maintain the nutritional status with the appropriate nutritional management. In addition, the CONUT and BMI scores may be able to predict the long-term prognosis of PD. 
